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(54) isemom} ^^i^M^i'it^tPtom&ism 

(5?) 

[SIS] m.(omizMixmm:i^mmmi^ 

CJB^mi ■9-7t^T»1R1O<0 00 1)M{C, 
-9-7r'fTS«?I<7)<i l-2d>:^l6]tW5r(a!lffllO 
l*Jj:t/iSffil0 2S::ftl.SIISI51 OOSrJgiS^I,, 

T >f rsR 1 <D±iii±^r <5>mcsiia{ 1 0 0 mm 

1 0 1 ifcctt^JSiS 1 0 2 Ji{C. MQWf63t)i7 Sr^tf 

ammmi 5mm^mz. mmi oom 

mio i±iz^yr^TmLi<r) (000 1 ) m<>zni 
T^tas=5r { 11-20 } mm0t,^ti&, wmm 

0 0 iOiilffl 1 0 1 ±<0 G a N i^iii^filtJi 1 5 O < 11 -2 

0.) mt:imm2oobixm\^i. 



\ 

.102 



^(1100} 



101 



7 



(1120} 



<1100>-i O. 

<1120> 




-{1100} 



<1100>-» 0. 

<1120> 



!(2) 000- 



183451 (P2000-18JL8 



immi 3 -^yr^ rmico { o o o u istc^co 

o { p 0 0 u miz^(r>mi<om{m^^m<^ < i 
-10 0) iimz^mmt:^th^um^^ix, 

^m^<r)m!,mmry 7 ^ rwm < 1 1 -20 > 

Afc itX-f >-i^'7i.cOiJ^^r< i: i> 1 oSr^tf^ 1 c7)Mt; 

<D { 0 0 0 1 ) iBti-f-comi <oa^b!BjiS#«*ii<o < i 

-10 0) lij^z^'^'f-jr^^-^'^hmmmmit. 

{ 0 0 0 n Sit . wm^'^Ti.is^^^m^ a^y^ 

iffiMag<^iirs-jaj4iiin2-9-7 r >f t*«c<o < 1 1 -2 o > 

in^6 ] mssmmmtr^ mmmx-h 0 . mis 
mmmmimmty-^ m^co < 1 -1 0 6 > :fr[6i 

im^iSi] -^7r<r^«[i7)<oooi } s{i-e<o 

■9-7 r ^ 7m.<7) < 1 1 -20 > ^rf6itc¥ff=flrMffii&^ 

izmim^<omm±{z. ^i^i-t^t^t^^m. 



< 0 0 0 1 > miz^<om 1 <r>mim^mm<o < 1 -1 
m 1 <Dmmmmm<^±m±^j:hmzmzBmco 

-'^AtJitX'f Vi^''^^i.<7)^-^< b i> loS:^om2«0 

mbtt^^mi^i^-i'm^c^wtum. 

A*} iuf-f yi;'>Ac7)ij;-5:< b 1) 1 -?&-&tfm 1 oS-ft 

{00011 ffit-e-coii 1 wg-fbii^j^^ficsto < 1 -1 
0 0 > iimz^m-m^i-^mm^B^t. 
immmmm<mm 1 co^mmmm<^ < 0 

001) M{c, »3\yi^-t;^i*--:>4^'>^. ;<fU'>A. T 
yi^Sci'^Afcil/^ v\;'Oh,<r>'yfi< b t> 1 o^-^tjm 

10 00 11 

iw^rnhmmM^mAt. bn (g^b*'^ 

%) . GaN (SibXfU'^A) , Al N (g-fbr;W$- 
n^A) tK(4I nN (Mb^yx'^A) Sfdi^tl'^ 

o^^oiii -ViK^-fblij^^^f*: (OT, ^{bife* 

{00021 

*m-CV^I.. GaN^^i^f*:^— rs^<7)i![ji(;)|?gt- 
(4. GaN*><?>^:5affi*<^HEt^:V^^i6. -filWK: 
\t. ^yrAT (A 1 J O3 ) SfiiLJ:fc:GaNliM|i«ft 

[0003] L*>t'5:**'^, mTt^-fi d -^f 7r 

^ Tm.bGa.wmm<mbx:'K%m.'^'^\mn^ 

Ih^yJiW @10J4-9-7r'frS«t5J:l^GaN^ 

\^x.^<r>m\t^yr^rwm^mm:7hL. 

[00 04] mo\zm^^\Z. 1^7T-fTS«Lhfc: 
iTJt G a Ni^^^«cJl<r) a fftfc J: IX b ffl^4^?■7 t 
TSfic<Oai«|fcitXb!i{cMUT 3 OJ^-filTV^S. 
[00051 01 l«-9-7T>fTS«LhKm3n>tG 

[0 0 061 01 KciJV^T. ■^yr47mLbl<7i 

(0001) m±.\iZGai\immim7 otm^^tix 
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GaN3%i|s»*JS7 0«0 {1-10 0} mii^7 

T^rmLeico { 1-10 0} ajc^^tTsoigfflv^T 

fc i{C U-IO 0 } IS'CA.^RIt^V^ 

[00 07] ::<7)j;3fc, ^yr^rmueitGaN 

?^^^W7 0tX'^^m\^ti^-niX\^hfzib. GaN 

izm&^iihm^tt:\m9hmmth g a as ^ 

[OO081 

ftV— f tgi^cOSB 1 <7)Wk1fmb VX. Ga NJk^miii 
mt^^Wjl^i}<~m-iS i CSflUitCGaN^^ 

S. U>L^**<?>. SiCa^fcGaNJ^ftJifC 
<m^i}^<tt?>. tt:. S i C^<7)fiif|S*ii|;v^i:V> 

c 0 0 0 9 ] G a Nmmi^u-^mf-<^^2<Dm^ 

mt IX .^7r^ ra«LhtCG a N^i|i#*jiS:Xt 
^^i^^m^^iHim. RIBE (RtEtt^jJ-yb*- 
^x-yf-y^/)^. RIE (raStt^jryx/f-y:/) 

[00 101 01 2{iH7'fx.y^yj/tJ:0ftiiSffl 
5:jeji!t-ri.«e*<0G a N^^f^Jl^-if ^i^SBt^T^ 

[001 n i"^- 012 (a) liZy^-tXoiZ. ^yr 
>ftS^21C0 (0001) ®±IC, AlGaNA'.y7 
7122, i-GaN®23. n-GaNJi24, n- 
I nGaN^5>y^R6jLi2 5. n-AlGaN^'5'y 
HJi26, I nGaN|6jB)i27, p-AlGaN^5 
7 2 8 fc itJf p - G a N 3 y ^' ^' M 2 9 5r)«t^ 

[00121 ^(T)^. 012 (b) lCS^i-J:3tC. RI 

BEm. RI Effi^£7)K7^X.yf-y7'StJ:0p-G 
aNay;?^hJ12 9*»'^n-A 1 GaN^7<y HJ12 
6J:0ta«[ffl!liTS:X-y^y:/L, ■9-7r-^Ta«2 

1 fcjjersissrx ri-y^^mm4 o i&jgjS'ts . 

Cicox y ^yi/|liig4 0J±^;-7 r r»«2 l<7)0!|;^tf 
< 1 1 -2 0 > Sri6i(iWC'«) § . c:<^x .y f-y^^iiau4 

O^^ygSffifctTfflv^S. 
[00 131 LA-t=5:A*^>. 01 2t:^l:.^ci}j§:^fttz 

tsv^TJi. x.y ^ y ^iaiB4 0*^1^:7 r-frSK 2 ico 

^ffifcSftLTO-S' SKiS^ftW^. x y^y^^fflS 

884 ornvr^ rmsLT. i<r>miznLxmLt:is, 



I. 

[00141 :^wmmii.. m&<^mmiznixmm 
^j:^^mimmzm^t& z t m^x'i)^-^m *) 

[00151 

00l}ffiK:-e<W7r'fTa«<0<l l-20>:fri«fjt 
^-^^^ ;<ry'>A. T;l^5-'^i>.tJJ:l/^'fy>'''^AcOi!*" 

^< 1 1. 1 r>-k'^t^m.mmmmm'^^K. an 
[00161 im9i\iz^h^m^-^m-\iziss,rc 

•^yrArWmm^.ts:(omzWim'(n^ii\z 

mm^-^t^mMmm^mti'm^^h.x^^h. 

mt^mffym^mi i 1 1-20 } mxf>*). mi^^ 
mm<^{ i 1-20) mit^yr^rm^co {0 00 

1 } iStc*ttTSEC>ilc:g-tl.. Lt:i)<^X. ^yr^ 

iznixmmm^mm^^ti^. ^m^. xo 

[ 0 0 1 7 ] t^, mm^M^mm^'i'mzm 
izm^^ti^ < 1 1-20 1 mii^mmkixm^^x^^ 
iff)x. ^yr^7mmc^miznLxmm^j:^Msm 
im^mm-i>zkm^&tti>iz. ^*)m± 

[00181 ^2comizm^mwi^-^mf-ii. m 

mi&^ti. m 1 (r>mimmmm(o { 0 0 0 1 1 ist 
^com 1 nmimm^miiim<r) < 1 -1 0 0 > ^risiti^ff 
*j:mi:^-timsim^^ii. mimmmm 
m(r>±m±^j:Wizwm^(r>mm±iz. ^mi^ii^ 
i)>^t>^M^ ^yun^A, r^ps-n^Afciix^yx-^A 

[00191 *^^(c«l.^«t^-if^^^lci>v>T 
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mmcomumi < 1 1-20 > wTho. y^i^mm^ 
^wm<r> { 1 1-20 } w,m\<r>mm^^^^<r> 
{0001 \ Mzn\.xmxz^mh. ititfi-iX. 
® 1 <7)mmm^mmmm(^mm±.m^^iti 
m2<r>mmm-mm<7)maizii 0^ 1 (ommm 

1 0 0 20 ] tt:. m2eomimmmm(^^miz 
mizm^^iii> { 1 1-20 } fflSr^skfc txfflv^ 
x^^:s><ox\ mimmizntxmm^mmim 

[0021] iRft. ^J4lf 7 T-f TS«Tifc 0 , m 

mmmii^y r^Tmi.(^ < i i-2o> K¥ff-cj>o 
<oW(sa^fl:^r-f msisw < 1 -1 0 0 > UHz^m-f) 

-oXhJ^W 

[0022] msmmm^ma^u-^^ii. m 

A<^5:< b 1 1 -^^-^tfm 1 (^mmmmwrnim 
^^ii. m<r>m.\mmmm(^ { 0 0 0 1 > st-e 

m 1 <7)M^t!t5j^^¥#f*ii<7) < 1 -10 0 > 

1 co^-fb^i^^^cao {0001) iBt. ^3t«s-^ 

A(^^r< 1 1 1 oSr^O® 2<Ogfl:!H3^^«cJi*«J^ 
»»R<OHafc:JS^5tm2<Og-fti^lKi|s^|fl^ 

<^mifi^^mmm-hi,<r>x'hh. 
[0023] ^wnf.zm^mw\^-ii'm=f-}.zii\^x 

mi.<mmmmm<r) < 1-10 0 > ^n«oji¥ff^r 

1 oM^b!amiIi#*®« {0001) M^mM^iSti 

^2ffiwmmmimm^^ixx\^h. iteigisto- 
izm:'fhf^2<r>mMm-mwm<r>mi<m}imi 

{ 1 1-20 > ffl-CfcO. IB2«0^fl:!|&5Kif^«c®cO { 1 

1-20 } \m\<7immimm^m<^ < 0 0 0 1 > isfc: 

nLxmw,z^m-h. Ltzti^-^x. mm(^>-nn.\,z^ 
1 <r>mmimmwm(7) { 0 0 0 1 ) m±.^zm^ 
^tih^2ai'B.'mm^wm(r)^m\.zx 1 os-ft 

mmLxmmm^mifim^^ixh . ^<m^. x 
[ 0 0 2 4 ] *3t , m2ffmmimmwm<^^^^ 



Umzm^^ixh { 1 1-20 } H^^^Mt LTfflv^ 

immh z b ij^x^ s fc 1 1) . #® 0 *^'i6i±-t § . 

[0025] !Rffc. Sfl^t^-^r^TStRT'SiO. iffi^ 

Kco-3att-9-7 r ^ rs«<o < 1 1 -2 0 > umzw^fix 
mmff>--m.iimit^^ < 1 -1 0 0 > 

[0026] «4<0§%BBfc:ffiS^«cW^if3R^iS§ 

-y-^ r >f rs^<o {0001} miz^<7)^y r 
^ rmsr> < 1 1 -20 > -}iUz^'mmmk-M^h^ 
mmm.. ■^yr^7wmmkfjihjs\iz^i^^ 

mmm^3:\;^i^i^^)V-^^^M:hi,<r)X'hh. 

[0027] :^miz^hmi^u-fm'Fcomim 

m±izftmi^ttmmmmmm^^fii . 
-9-7 r ^ 7mR(r>&MU<r>m±iz^^-timimm 
mm(omm<r>mmi < 1 1-20 } mx'S>'o. mim 
j^m<7) {11-201 mmy r ^ 7-m.<n { 0 0 
0 1} m\zn\^xmmz^§ifh. uc*<-5t. ■9-7 r 
A 7mm^i^(mm\Lmmimmm<r^\iz 

Miznvxmm^j:m^mm^tizbi}n'^h. 
[0028] zcox 0 iz. mimmmmcox.\^:^^ 
i^^'fi'&^mizmm^^iih 1 1 1-20 } 
smtLxm^-^izbHiix^icox'. ^yr^rwrn 
m±.\izn Lxmmm^m^mmm^ zbn^ 

ifiX'% hbbhiz.-^m ti^\^}L'ti> . 

[ 0 0 2 9] m5<mmzm^MW\y-'fm=f(^mik 
■{fAy\?^j^(r&ts:< b t> 1 oS-&tflS 1 (nmam^ 

mmm^'L. %\<rmMmmm<r> { 0 0 0 
1 } m,z^<r)% 1 m.\mmmm<r) < 1 -1 0 0 > :^ 

V^h,ayytsi<b \> 1 ->^isXs'^2<r)m.'mmmm 

[0030] immz^i,^^\y-^%=f-<rm^-ym 

tcfcv^TJi. S«thfcJ^)S$it^cmiOM-fb!^^^«s 
m<r>mifj: i^xf\i::^iimmmil}izmM ^-irOII 2 

«o^iia<oiii:ftrfiH4 { 1 1-20 1 ffix-fcO. ^2(rmt 

w^^mn { 1 1 -20 > m\i%\m.'mmm> 
ffl<^ { 0 0 0 1 > Wiznvtmmz^'kfh, l^**-? 
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\ii'^'^-r)V'^miz&mzm^^tih { 1 1-20 » m 
[00321^6 (omm?>^w]y-fmf-ff}m 

V^y( yv^h.(ry^'-f£<, 1 1> l o5r-^tfSI l (Dmitmm- 

mmm^i. m 1 cr,mitm^m<^ { 0 0 0 
1 > miz-tm 1 <r>mm^mm<r) < 1 -10 0 > :^ 

m<micommmmm<o { 0 0 0 1 } at, 

>f >i^^Affyj^^j: <tt i^i-kttm2<Dmitmm^ 

(0033] :^mizm^mi^U'-^m^(r>mtm 

m±.iz^m 1 <ommmmm<7) < 1 -1 0 0 > :*ri6i 
iz^m-^^^tiimmm^^ii. tmrncowii 
m< m 1 (omimmmti^nff) 1 0 0 0 1 > mizm, 

<7)-^izm-)xm 1 (om.mmmm(o { 0 0 0 1 > 
m±izmth^ 2 <r)m.mmmmmm<m-)i^ 
(i { 1 1-20 > mx'h^. n2(7)&mmmwm<r) 
{ 1 1 -20 > m\m 1 (mmmmm<r) { 0 0 0 

1 ) BotcStUTSiI{c«:g1-S. Ltziji'yX. m.W) 

-^i^zm-ixmicfy^mik^wmoy { 0 0 0 1 1 m 
i.m^^ixhf^2<r>mm^^wm<^^m\,ziiy)m 

mm.miiznLxmsfj:ii^mm^i&^fh ztt^x 

[0 034] icoidtc. ^2ff)m'mmmwmcr>:L 
yi^^'y^A'm^n\izmm^^ixh < 11-20 > a 

^mi^mtLxm^^h:ibifix'^t(r>x\ mm.<r>mm 
iznLxmm^w^M^mmzm^ir^:lbifiX't 

V ^mmmmi'^v-^m'f^miztmth ztm 
^i>tbhi,z.pw*)m±ti>. 

[0035] 

im(D^<mmmi ( a > . ( b ) {i*^H^<oip^ 
1 (ommmiznkhimwu'-^m'f-comijm^^t 
mxt^Tmrnrnxhi. 0i«^#:^— tftg 



mmmxh^. 0*, 2aA{i«Effi{csi^:tri6iS:^^ 
■f. 03(^iii^flcp--rfg^i4, mmxh^^TWk 

[00361 itl*, 01 (a) iZTFCtXoiZ. -9-7r-f 
rS^^lcT) (000 1)iS±t. RIES. RIBEife 

H^'f x-y ^y^atwj: oauss 1 0 0 2:m-r 
anati oo<offlifflroii3j:t^sisio2Jii^7 

r ^ ra^ 1 <o < 11 -20 > imiz^nbti , c:«7)x 

>y^y^tfcV^T{4. SH^l 0 OcOfflllMl 0 l*«iiJ-f 
1 1 7 r ^ 7^ 1 CO ( 0 0 0 1 ) ffitCJt UT^fc 
mM.'C»>hm\i^j:\\ ^Tt't. WSf 1 0 l<^)iiff*»:>c 
§>--»J^lC«4. f^cOlS-CGaNmi|i3l#:Jic^ {11-2 

0 ) mi)m^^iihtx'i,zhm&<om^<oGaNm- 
mmmm^?>'mmi<^x\ mmi o imm 

iTthmvb^<9li}Lhilbimt tw 
[0037] 01 (b) {cs^t^tatc, "fyr^ 
rm.i(r>±m±^j:(>mz&M3ioommi o i± 
hxr/mm i o 2±tc. 3 o o Acorv H-r<oA 

1 GaNK.y7r®2. ®$2Atm<0i-GaN^3, 
Ji[$3;Ltm<^n-GaNe4> If §0. lxzm<On-I 
no.i Gaj.g :N^7-y:?R6iI:S5. JISO. 7 umff) 
n-Alo.i6Gao.85N^9«yH«6. Ita^SI^Sft 

^#F^® (OT. MQwmtmbm^) 

0. 7Aim<7)p-Alo.i5Gao.85N^'7-y h'SS. tJ 
iV^il^O. 2;LtmOp-GaNa>':J':7M9S:Jlfc 
Xt^'dfi^A';l^«:^$-e-S. JjiT. A lGaNA,y7r 
1 2*>ii> P - G a N 3 y ^ b« 9 * -C^G a Nmi|i» 
*®15tl?,Jt. 

[0038] ^rtJ, nSHWN-ybiiLrttSi&fflV^ 
cojS;l:^i: tT{4, MOCVDft (^^Jg 

[0039] 02l=^-ri3(C. MQW^ilTJi. * 
§6 0AO6o«0A 1 X Gaj.x N {X = 0. 03)* 
fl^^8 1i;J|:$3 0Ac05oc0Arj, Ga,-x N 

( X= 0 . 13) Mrf-WFJSa 2 i:*<3e5(cS»$ilT 

Plffil4J¥$ 0 , 1 /X mcOG a NTfc;^^ VMS 3 XlSkttl 

[0040] ^fe. 01 (a) oxsfcfcv^-c. ana 

1 0 0«0®$ Hli. 01(b) (DXmX'm&^tlt n - 
A lo.isGao.sjN^^"/ HJi6*»^n-GaN3y^' 

^1 0 0<?5JlSffll 0 2±lCj^^§tll.p-GaN3y 

mj&^tlh n - A 1 0. 15 G ao. 86 N^' 7 y Kl6<0Tffi 
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1 0 0 4 1 1 mi<r>XmiZi 0 s G a N^^iii^«c® 1. 5 

1 0 0 <^fim i o i ±^0 a Nis^ 

^f*:^15<7) I 1 1-20} mt/^m^^tll. ZCOGsi 

Nmrnmisco { 1 1-20} ffi{±. ■^yr^frmi 

.1 CO ( 0 0 0 1 ) ffitcJt L-C^(cSEfc:«;S-t«. , 
10042] 03(c5^1-J:dfc. p-GaNay 

:5'^'M9*>^n-Alo.i5Gao.85N:?5-yHS6^ 

[00431 Sfefc. p-GaNay^'^hJggitDIt 

flS^iS^JSfc iUf n - A 1 0. 15 G ao. 86 N 7 «y HI 6 

hm9<D±m. p-GaNrjy^'^'he9*>^>n-Al 
0. isG ao. asNi? 7 -y h'16 iT'COfflB^^tXtCn - A 

1 0. 16 G ao. 85 N ^' 7 >y 6<0±BDt S i 
<?.=flrSfe»ISlOSrJBiS-rS. 

[0044]g1^{C, p-GaiNziy^^hM9(r>mii 

Lfz^mmm±izp^iim^L. n-Ai 
0. 1 5 G ao. 85 N 7 -y H« 6 onits itzmm^mm. 

tnmffil2S:JgfiJ£1-S. . 

[0045] 3|s^*fim^«s^-if^^<olSi:^raii 
isv^T.a. ±M<r>x oiz.Ga ummm 1 5coes 

IS:^*^, 1?-7r>fT»«l<7)g||g|{i0 0<^ffl!lBifl0 

i±{c, -t^r^frsMio (0 00 1 ) mzMix^ 

^tStt^r {11-20} ffl*<Jgfi&§ni.. ti/'cj&^oT. 
SMSSlOOcOliffllOlicOGaNJ^iji^ftcJil 5<0 
{ 1 1 -20 } iBi&^^Bi2 0 0 i: UrfflV^SC: 

[004 6] z<r)Xoiz. Ga.timmmi5<7)m^ 
^m^zmi'zmm-^iii ii 1-20} iiSr^MM2 

0 0 fc UTfflv^S c: i: *5f # *Sfljjt^«W)x .y 

r ^ rsfii 1 CO ( 0 0 0 1 ) mizn txmm:^m 

2 0 0 ^^Sf^fcJgj^S C t & . 
[00 4 71 -ecO^m. XO-7l5!l$*>*^< , 
«&!>>'fiM$n:^G a N^^#l/— f 

^zb *>'-c^ 1. 1 1 i, fc. #s 0 *«i6j±-r^ . 
[0048104 my 7 rstRfeitx-eoitcm 

[ 0 0 4 9 1 04 l^S^J: d fc. 1?-7 r ^ 
G a N^^i|i^#®{i t, iZ:fKj}^Bmth h . -^-^V ^ t 
S«fcGaN^i|i««cJli:-C{a, i^a:^ffi3&«3 0' -f^l 

Ti^^. [1 1-20 ]^ri6j, [-21.10 ]:)^|{a, [-12 
-10] m [-1-120] [2-1-10] :fi-|6iti J: 

[ 1 -2 1 0 ] ijMmm^j:m:^&rch 0 . -jK^ia 

<1 l-20> T'^SilS. [10-10] ^r|6]. 

[oi-io]:^i6j. [-110 0] ^riiij. [-ioio]:6r 
[0-110] :^iajtj<J:i^ [1-100] ^n6!**^0^r 



mmi't) *) s HK^ie < 1 -10 0 > xm^tih , ^: . 

fe. 1f7r'fTa«*Jj:t/fGaN^iMI^«cli:t>fc: { l 

-10 0) ffiT'^g^rat^V^ 
[00501 05(a). ( b ) ii:^mMcOf^2C7m& 

mizm&^iiiu-^m'j^mmm^^'P^mx 
mizmm^j:ijmzi&'ommi:^-t. 

[005 1] ti'. 05 (a) iz^-tXolz. ^yr^ 
r^I<0 (000 1)®±{C, jl$300A<0AlG 
a N>'N'7 7 rm 2^XXm^ 2 ju m<^ 1 - G a NS 3 ^ 
X.V^^^i^^rJV^^^^tl. mz^ i-GaNl3K. 
RIES, RI BE^WcoH5-fx.y-?-y^^a{cj:0S 
lia53 0 0^?g«-fS. SI|a53OO<Offl!|jif3 01*Jj: 
iXJiSffl 3 0 2 7 r Tiifl^ 1 <^ < 1 1 -2 0 > :fr|6ltc 
Wttl.. CCOJ^. g||gl53 0 0OiI®3 0 1fcj: 
l^lSffi3 0 2<i i -GaNJi3c^ < 1 0-10 > 
fflC'SrS. icox^/f-y^'Kisv^TJi, Sil8S3 00(O 
{I!lffl3 0 1 {i^^^■f L t-9-7 r 1<0 ( 0 0 0 1 ) 

3 0 1 (r>mifiiz^ \.^n^Ut. m>JMTG a 

sftjico { 1 1-20] mm^^tiht'Cizhifm.eo 

[005 21 laT, AlGaW^>yyrm2t5XX/i- 
GaKlMSimiCOGaN^^fmWMietnM. 

[00 5 31 05 (b) fc^^-fi^t;. i-Ga 
N Ji 3 cO±iBJi^ (>X/izmB 3 0 0 COMB 3 0 1 ±J3 
XXfmS302±iZ. n-GaNfl4. n-Ino.i G 
ao.9 N^7"y^|5g±B5. n- A 1 o. isG aj. 86N^ 

^••/vme. MQw^3Ka7. p-A io.15Gao.85N 

^' 7 «y K18i3 itXp -G^LNayif^'hM9 SrJKcx 
erJ'^^fi^A'yua^^-yrS. MQWfyyg7coliJ«{4. 0 
2iZ5rsLt:m<^tmmX'$>^, #Jg3~9c0J?S{4, 0 
l<0#a3-9c0i?Si:|iia|-C*S. Jar. n-OaN 
14 P - G a N 3 y ^' M 9 ^-C'^H 2 COG a N 

[0054] lyjiCOIgtCj: 0 , ^2C0Ga N^^«c 

1 1 7cofeafig«4»tcglllg|53 0 ocoaiiBS 0 1 ±izm 

2<0GaNJ!M|i«EflcJ8 1 7<7) « 1 1-20 > ffl*^«§<l 

I.. C:cOSg2cOGaNj^i|i^f*:H 7<7) \ 1 1-20} B 
{4, •9-7r^raKlcO (000 1 ) HfcJ:t;^lll<7)G 

aummwm i eco ( o o o i ) Bt^tu-c^ts 
mz&^ri. 

[005 51 iJ^tC. msiZ^LtiXdlZ. p-GaNa 
^ M 9 *»<i> n - A Ij. 1 5 G ao. 86 N ^' 7 -y 6 
*T^)i-Sj5^S'X.y^y^^tcJ: n-A 1 

0. 15 G ao. 85 N^' 7 -y H16 5rSai§*.5 . 

[0056] $^>IC. p-GaN3y:5'^'hjl9±<0« 
fiije^^iSfcit^f n- A 1 0. uG a,. esN^' 7 -y HS6 
<0f|®^«fSJS^|i|8V^f . 1iSa»5^^ff3fc«>fcJ:Vp 
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M90±ffl, p-GaNri>^'^hS9*»^n-Al 

0. 15G ao. sB.Ni? 7 -y VMb tT(DWm^j:^mZn-A 
1 0. 1 6 G ao. 85 N ^ 7 7 6 c7)±|Bt S i Oj . 

4>^l>^Kl0S:mtl.. 

[00 57] S^^t. P-GaN3y^'^M9<7)Saj 

L^«li»^M^±(Cp«ISl li&mt. n-A 1 

0. 1 5 G ao. 85 N 7 y 6 OSHl U^«©g|£«J^ 

tcnmffii2$-m-rs. 

iJV^TJi. ±iB<OJ:dfc. ma^OGaN^^^ftli 7 
iOieajig^+tC. ® 1 «0G a N^il^ft:^ 1 ec^JSUSP ' 
3 0 0Offl!lffl3 0 1±fc. -t^r-fTitlSliO (0 00 
1 ) ffii3j:tX||liOGaN^^^«cSl 6C0 (000 

1 ) mizntx^^izmm.^ { 11-20 } mim^^ti 

h. KIIS53 0 0Offl!lcS3 01±(0lS2c0 

G a NJR^iiaitflcl 1 7 O < 1 1 -2 0 » ffi?&«jiifBi 2 0 

[00 59] m2c7)GaN^^f*:ill 7 

ffM^nm!^\.zumm^^tih { 11-20 } 

58®2 00fcUrfflvv&ii:*JTgsS<o-C, isais^s^ 
<, -9-7 r^ra«l<0 (0 001) fflt>J:l^|gl«DG 

aNm^«cii 1 6<o ( 0 0 0 1 ) m^znLxmm/ii^ 

^ffl 200 i^^\,zmm-h z.btiK'%h. 

[00 6 0] ;?.o-7^$7!)«iS<. L^V^ffl 

[0061] 05O^i6mi4. SMt LX^y 
r>fr»KlS-fflv^TV^S*s, -^-^r-frSISK^ftb 
Ot, SiC»|g^<7)fl6i7)a«^fflv^Tt<i:v\ SiC 

BS 3 0 2 « s i cs«io < 1 -1 0 0 > -f 

[0062106(a). {h) \i^%mm3ff)^ 

m^ziinh^w\^-^*=f-<r>m^-mi:m^^ji 

[0063] ii-f. 06 (a) fcrs^l-iofe:, 1f7r>f 

r««i<o (000 1 ) ffl±{c. ^§300Ac7)t:/k 

-rOA 1 G a N^N' y 7 r « 2 tJ J;lAJ¥$ 2 m«0 i - 
GaNl«rxe:?^j^A';Wfig#§-«:&, EBS 

m) fciOi-GaNJiSitSiOa HSrJgBgL. 7 
* f y y ^^7 7 iJ ilf 7 >/i!iKx-y^y:/?SC i |,X 

ffiamitcs i Oj 113 o ^)B^-f s , 

[ 0 o 6 4 ] #s i Oj ^3 o<nn'm^mm<r>-nsi 

3 2\i. ^yr^rm. 1 <o < 1 1 -20 > :Sr|fijtcWi: 

ts. s i 02 m oo«SD«, i^yym^m^iz 



SiOj IS3 0<OJi*(iO. l~3x£m!:'fSii:*«» 
lilT, AlGaN>'N'-y7rii2fcJ:tXi-Ga 
Nl 3 $rm 1 «G a N^^^ft:® 3 6 1 PfO;. 
[00 6 5]»:{C. 06 (b) i^Ga 
Np3±fc:. JP§ 5iixm— 1 0/xmmK<On-GaNa 
4.Jf$0. l;um(On-I no., Gaj.g N^'y y^' 
RfiihSS.ifSO. 7//mc;Dn-Alo.i5Gao.85N^ 
7>yHe6, MQW|%3t®7, J?$0. 7)Ltm<0p-A 
lo.i6Gao.85N^'9'yHJi8. 1?;?0. 0 5jum<^p 
-GaN3y:?^Hii9 ^MfcX v-^ /P^i^^-ti- 

z(omts sio^ .lS3o±^^(i^Jf:^i:*safi!c;g 

*<fTi5fi'f , A 1 ^#tfS§^0»^^l^tSaJB3 l*ggj« 

MQW|&3fe«7cOfflfiit{4, 02{C5^L/ifll«t 
mmX'hh.aT. n-GaNfl4*>/J>p-GaN3y 
hS9^T^m2<7)GaNm^ft«3 7 b^^, 
[0066] ^rfc. i|i»«cl^—f«iF-CfcV>T<4MQW 
f63t)87, n-Alo.,5Gao.85N:5'5-yHil6fcJ;y 

p - A J 0. 16 G ao. 85 N^? 5 >y ¥m8timmzm:i>z 

m-thtzib. S i Oj iS3 0±co^saii3 10±JS 
*«n-A 1 0. ,5Gao.86N^9>/ H«6<DT4iS(C»t=5: 
V^J:3fcn-GaNg4*»fep-GaN3>'^'^hJ19 

[00671. ULtcOXStCi *) . «2 <0G a N^M^ft 
MS 70feB^^;g4't#S i O2 m 0<0-3a3 2tC» 
-?-CII2cOGaN5^^i*S3 7(?) { 1 1-20 ) ffi*»^> 
^l.ffiiiJ&'mStil.. C<7)||2<7)GaNi^^f*:Ji3 
70 { 1 1-20} iitt. -9-7T'fTSlRl<0 (0 00 
1 ) WfcilXmi «0G aN^^^^ffcSS 6<0 ( 0 0 0 

[00681 <J?{C, 03 t^S^Ustiat::, p-GaN3 
V'^ ^ M 9 *»^> n - A 1 0. J 5 G ao. 88 N 9 HJl 6 
fC<0-a5{SJ^&x.y^y^{;:iOl^t. n-Al 
0. 15 G a,. 86 7 >y 6 ^SJii^-fr* . 

[00691 p-GaN3>'^'^M9±<7)^ 
flSJ^^^J^tJ irXn - A 1 0. 1 5 G ao. 85 N :7 7 -y F® 6 
««®^««li&I^V^T. mS[J05^S:ff3/>:i6i>J:tXp 
n^<Ogaja52r»-a-fl.!ti^>{C, p-GaN3y:J':5' 
M9«0±ffi. p-GaN3y^^'hJi9*»4>n-Al 
0. 15 G ao. 85 N ^' 7 7 KB 6 *T'<55IBIH^^>M= n-A 

1 0. 15 G ao. 86 N ^ 7 -y Hii 6 (OlMiZ S i fmi)> 
^>'5:S^I8l0$-m-rS. 

[0 0 70imt. p-GaN3y^^hJi90Sm 

Lt:wmmMi.izpmmi i m^t. n-A i 

0. 16 G a,. 85 N ^' 5 >y 6 iOSai L^C^fiimM^ 
tihliffil2S^?^jS;-tS. 

[0071] :^mM<D^fi:u-^m'F<owmijmiz 

fcV%T«. ±ia<0<J:at. m2t^GaNJ^^|^#f<cJl3 7 
<0iea^^4'tC, «-S i O2 183 0<0-)a3 2izm^ti 

m2ff)Ga Nmmm 3 7 coMssBtc-9-7 r >f rs« 
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1 CO ( 0 0 0 1 ) Hte ilfm 1 COG a N^^f*fl 3 6 

(0 0 0 1 ) mizMtx^izmm: < 1 1-20 > b 

Iff) ( 1 1-20} HS:iygSil2 0 0i:tTm^SC:t 

[00 7 2] :Lff)io\,z^ wi2ff)G &\immm3i 
ff)^M.m\.zum.zm^^ixh { 1 1-20 > mm^ 

ISil2 0 0 1 tTfflV^-S vl t lff)X\ i^m.w{k 

r^rmmff) {0 00 1) mniiX/^iffiG 
Sinm^wms eff){ 0 0 0 1 ) fflts^tTfis^r* 

iSSSB 200 SrS^Jcmf 6 >: t *<-C# S . 
[00 7 31 -tiOlS*. xn-7^$**;i<. Lg=v^fi 

[ 0 0 7 4 1 ^Sffe. ^|gc7)|8Jtl^{:(i, ^yrATff)^ 

i^^«i^fc<i2D<os i 02 mm^t. m.ffi^ 
mm^-'mfim.LtM. s i o, ls<^«^^^t«•c'> 

x^N^tW-Jtri.. -etifc J: 0 . EI6 (b) *jJ:t;qi3tc 

[0075 ] =Sri3. H60|litfi»lTJi. SISi: UT-t^ 

r^7WSL\im\^X\^hi^. ^yr^rWSL\ff>Kh 
0{C. SiCa:^^(^fl^I^oa^RS:fflV^Tt)J:V\ SiC 

mL^m\^h^kz\t. :&s i 02 1^3 offm^mm. 
is-ja3 2J4S i cmm < 1-10 o> ^riancwfc-r 

[0 076] tfz. I16<0SiO2 HSOCDftbOt. 
A I2 O3 . Si N^OfiilC0«Si^)iS:fflV^Tt> j:V^. 
[0077] ±iBII 1 . f^2h^X^f^3ff)mm\X\i. 

<r^wv-^m=i-^z{,mmth c: fc **-c# 1. . 

[00 78] ll7tJj:tX08J4't:;W7r7-f yliJiSrW 

[0079] 01 (a) . 05 (a) *7t«06 (a) 
ffiJMffy^. mi (a) ti5^-rJ:d{=. i-GaNa3 
±.\,Z^ n-GaN®4. n-Ino.i Gao.9 N^7>y ' 
^^KihSS, n-Alo.,5Gao.86N^7-yH16. M 
QW||3K«7. P-Alo.i6Gao.86Nmi^5-y Hii 
SaiJilKn-A 1 GaN«gS[7'Oy^'H8^)lBKX 

[0080] p-Alo.i5Gao.86Nlll^'7-yHS8 
a«DW;?iL{iil«;0. 1~0. 4AtmmK!J:-rS. ^i^S, n 



-AlGaN«S[7'P'y:?Jil8<0S:;^i^{40. SjLtmg 
Sk-fS. n-AlGaNm8Eyn>y^'®18<OAlffl 
^{4p-A lo.isGao.ssNUl ^'^•y Hii8 a<^A 1 
fflfigj:Ot;^#<-ri.. *0!IT'{4. n-AlGaWmSS 
rD>y^'Sl8cOAlffl^J40. 2 0i:-fS. 

[0081 1 ^rtJ. «-Ji2~60ffSJ4. ®2* 
^{4m3cO||SfiP!li:l5|«f$>'?, m^imMlffmL 
\m2<,Zjr^l,tM^bmkXhh, 

[0082] 07 (b) tCSrriotC, n-Al 
G a NmSiET'n y ^'Jf 1 8±<0(i 2 u m^ff)X h '^'f 
7l^<7)^J^iS:^V^-C n - A 1 G a NlSro «y ^'11 8 
±Xzn i x';?.^ {Wfi^) SrmU, R I Effi 
tt^;j-yx.y^y/^) tfeJiR I BES (KJCtt-f?!- 
y b'-jUX -y f-y ) C J: 0 n - A 1 G a NHSST'o 
•y:J'J118S:X-yf-yiJ<t.5. -etll^iO. n-AlG 
a N^atrn «y 1 8CX h5 ^ 7l^<OlBPa5*g^)i!t 
p-Alo.i6Gao.85NIS1^9'yHii8a<^ 

[0 08 3]i^V^-C. NiVXi^Srl^UcI^. 07 
(c) n-AlGaN«»S7'ny:7Jil 
8±tJj:tXp-A 1 0. i6Gao.8BN|gl ^9 -y YMSa. 
ffiXh^^y^ffymiiLiiZ^ p-Alo.iBGaj.esNH 
2^'5 y K«8bijJ;t/p-GaN3y:}'i7 h®9Sr)ll 
\iZX.\i9^l^-^)VWLSk^^t, CCIT. p-Alo.ieG 
ao.esNlll ^^-y h'JfSaisp-A 1 o.isGao.gjN 
m 2 7 7 >y Hii 8 b t <0-&fh<7)j¥$ & n - A 1 0. 1 5 G a 
o.85N^7>y HP6<0J?$i:|iISE (P!l;i{fO. 1 fxm 
JJUi) C-tS. P-GaN3y^'^'ba9c7)^S{4. I? 
K m2i/>:{4ll3(O||SS0lli:|SISX'3bS. 
[00841 08 (d) {c:s^-ri:^{c> p-Ga 
Nqy^^ hJl9±<O0r^mcN i vx^ {0S^ 
■f) ^Jg^U/iS. p-GaNri>':J'^hS9*>/on- 
Ino.i Gao.9 N^7«y^'llSihJi5fC'<0-a51iJ^?r 
R I EmttzMR I BEaiCj: Ox.yf->'^^UTK^ 

n-GaN«4S:Saj$-*l.. 
[0085] ±ie<ox 7 f-y/cof^, N i v;^ i?^^ 
ts 08 (e) \,Z7}(tiiO\,Z. p-GaN3y^':J'M 
9±tCpSfiil I^J^bKL, .n-GaN®4i7)®ajUc 

m&\iznm&\2im^'fh, 

[00861^1. ^2ttzm3ff)mmff)maim 

^07^jJ;^/08^O■fe/^7T9■< >^^c0^f*:W-if 

1 (0 < 0 0 0 1 ) m<.znLxmm:m^mi^\m 
(00871 -eo^, ;^p-7^*qif<. t^v^ffl 

[00881 09{4U-y>^jfta«jtSr^l.^*^ 
-1f*^^yg*liii{cW^:*|Sj{c?B-5fc«iWIBriiii0 
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1 0 0 89 ] SQCO^NI*!^— iffg^Ujil^fctt. 0 
1 (a) , 05 (a) ttzime (a) (OXUm. i 
-GaN®3±t. n-GaNa2, n-Inj.i Ga 
o.9N^'5.'y:^'R6lhS5. n-Al 0. iBG.aj gsN:?^ 
yVme. MQMfmjai. P-Al,.,6Ga,.86N^' 
7>yH18*3itXp-GaN3y^^M9^)it:xe 

[0090]'5:tJ, «-Ji2~9<0lI$ttl|i; IB2*fe 

iim3<Dmmmt mmx-h o . MQw?i3iga7<oflijStt 

[ 0 0 9 1 ] <is:t:. p-GaN3>':J'^'hS9±OXh 
9>f rtt<Oii«fc:::^ h 9 r««ON i ( astii: 
•f ) S-J^BKt. RI Effit;^«RIBEft{=J:0. P- 
GaN3>':5'^'hJi9fcJ:?/p-Alo.i6Gao.85N^ 
y «v 8 Srx .y ^y^-t 5 . J; 0 . U .y ^-'gp^s 

[0092] m^X. ±iBc7)N i im^Ltzm. 
P - A 1 0. 1 6 G a 0. «6 N 7 7 b'S 8±<7)0r€^Jg2rl^ 
V^T P - A 1 0. 16 Gao. 8B N 9 -y HB 8*J itXp -G 
aN3y^'^'>ii9±fcN i'?^^' (H^^ii-f) SrJ^^ 
L. p - A 1 0. 1 5 G ap. 85 N ^' 9 -y 8*>^> n - G a 
N®4 ^-CcO-^m^^R I EmttzltR I BE^tJ: 
OX'y^V^^tTl^t. n-GaNJi4*SajSHf- 
I.. 

[0093] lMi(o:cy^y^^m. N i -^x^'^li* 

p-GaN3y:J'^'hS90±fflfcJ:t^n-GaN 
«4<0«®gjS1iSli*»?V>T. y«yJ^a5<01ilW8Ba. P- 
Alo.i5Gao.85Ni?9-yb'S8c7)^ffla!iO±ffl, n- 
GaNffl40±tB. i5<ktJfp-Alo.i5Gao.85N^'9 
«yKJ18*>'i>n-GaNJi4liT«0ffl!lffl{C. EBmtt: 
JiCVDffitCctOSiOj Sl95:Jg^-ri., 

[ 0 0 94 ] -ecOf^s p-GaN3>'^:?h9±l3pm 
mil n - G a NS4 UJt^ffitC nm 

si2^jgji&irs. 

[ 0 0 9 5 ] ^2 t7tttl^3<0||S6g3J<7)lS)gm 

(0001) ffitcSt LTSE^rftl^iaSr^lcj^ji^ 
[ 0 0 9 6 ] ^<6m. xri-7^*fiS< , t S 

[011 *^<O|llOSI«fe0«fc:tJftS^«i:W— f« 



[02] mi<^^mi^u-i'm'f-izmmQymm 

[03 ] *^Bflwmi <OlU60i|tfcttS^#:^— 

Nmmiiimff)m&<omii:m-tmx'h^. 

■ [05] *|(6BH<r)|g2<^)|^0«(:*JftS^«cl.-if3R 

[06 ] *?T6Bac7)m3<oii{60'j{=fctti.^fjs^— 
'fcmtijm^^F:tm.mxmimmx'hi>. 

<mt-m^iktmifi^xwiimmx'hi . 

[08] ■fe;l'7r9'f •S^f*U— 

(omtmi:mmt^xmmmmx'h& . 

[09] U«yi^^Ki!fflflBi^*^Si|i»«cl/--fSf^ 

[0 1 0 ] -9-7 r ^ Tm)5XX/G a N^^f*c®<Oig 

[01 D^yr^rmnLizm^^tu^Gainmm 

[012] m<OG a Ni^flsW-1f3R^<Di8i:^ 
^*tmwxgBfli0'C*>-&. 

[«r^«Oi»BB] 

1 -fyr^rm. 

2 A 1 GaN-'N'»/7TJB 

3 i-GaNS 

4 n-GaNS 

5 n-Ino.i Gao.9 fii^^vt^WlkM 

6 n-A 1 j.isGaj.gjN^'^'y HJi 

7 MQW5^3tl 

8 P-A lo.isGao.ssN^'^'y KB 

8a p-Alo.i5Gao.86NlSl^'5«yHJl 
8b P-A lo.i5Gao.86N||2^9«y KJB 

9 p-GaNny^'^'ha 

15 mmiM^m 

16.36 mitOSflSiftl^iNCfWi 

17. 3 7 Il2(7)gfl:!}?!l^^«cl 
18 n-A 1 GaNma^T'Oy^'a 
19. 30 SiOz S! 

100, 3 00 

101, 30 1 fflOffl . 

10 2. 3 02 mm 
200 ^mm 
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